The effect of physical exercise as a modulator of adaptation to low and high carbohydrate and low and high fat intake is dependent on the duration and intensity of exercise, as well as the training status of the individual. Well-trained subjects exercising at low intensity effort (25% VO 2max ) rely almost entirely on an increase in plasma fatty acid oxidation to supply the necessary energy requirements. During moderate intensity exercise (65% VO 2max ), the total of plasma and intramuscular fatty acids provide about 40% of the energy requirement. Plasma glucose provides about 10% of energy in this circumstance, while muscle glycogen contributes approximately half of the energy supply. During high intensity exercise (greater than 80% VO 2max ) intramuscular glycogen is the major source of energy. The general pattern of fuel utilization is the same in untrained individuals, except that the relative contribution of fat is greater at any work intensity in trained subjects.
Physical Exercise
The effect of physical exercise as a modulator of adaptation to low and high carbohydrate and low and high fat intake is dependent on the duration and intensity of exercise, as well as the training status of the individual. Well-trained subjects exercising at low intensity effort (25% VO 2max ) rely almost entirely on an increase in plasma fatty acid oxidation to supply the necessary energy requirements. During moderate intensity exercise (65% VO 2max ), the total of plasma and intramuscular fatty acids provide about 40% of the energy requirement. Plasma glucose provides about 10% of energy in this circumstance, while muscle glycogen contributes approximately half of the energy supply. During high intensity exercise (greater than 80% VO 2max ) intramuscular glycogen is the major source of energy. The general pattern of fuel utilization is the same in untrained individuals, except that the relative contribution of fat is greater at any work intensity in trained subjects.
Dietary adaptations that enhance fat metabolism, in combination with training-induced shifts in fat utilization, could theoretically better support endurance capacity and present a case for a greater emphasis on fat intake in the athlete's diet. However, optimal endurance performance in trained and untrained individuals consuming a high percentage of calories as fat has not been convincingly demonstrated. Furthermore, there are potentially detrimental long-term effects of a high-fat diet.
The upper limit of carbohydrate that should be eaten to satisfy the extra energy requirements of exercise is 100% of the calories expended above and beyond the calories required for daily life. This recommendation is made because carbohydrate can replete glycogen stores depleted during the exercise, and there is no speci®c requirement for fat during high intensity exercise because virtually all of the energy is supplied by the net oxidation of glycogen stored either in the liver or muscle. During lower intensity exercise, fat oxidation plays a more prominent role, but carbohydrate intake can directly replete fat stores via inhibition of fatty acid oxidation.
The lower limit of carbohydrate required above resting needs is equal to the portion of the total energy cost derived from carbohydrate sources. For example, if 70% of the energy cost of exercise at moderate to high intensity is obtained from carbohydrate (glucose and glycogen), the minimal carbohydrate intake should be 70% of the energy necessary to match the caloric expenditure of exercise. There is no minimal amount of fat needed to replete triglyceride stores.
Trauma and Sepsis
Metabolic responses to the various forms of critical illness, trauma, sepsis and burn injury, etc., are very similar, and include increased rates of glycogenolysis, gluconeogenesis, lipolysis and, depending on the severity and nature of the condition, release of lactate from muscle glycogen. Insulin secretion is suppressed. Protein breakdown is increased relative to synthesis leading to release of amino acids which, along with lactate and glycerol, provide precursors for gluconeogenesis. Combined with diminution in food intake these processes result in a decline in lean body mass and are mediated by the counterregulatory hormones and probably cytokines. In the more protracted forms of illness, severe burns or multiple organ failure, for example, the driving force has been thought to be endotoxin and bacterià leaking' into the circulation from the gastrointestinal tract, although recent work has shown there may be a genetic predisposition to cytokine production. If the illness extends, or is likely to extend for over a week, arti®cial nutritional support, enteral or parenteral, is instituted.
Carbohydrate
Septic or injured patients undergoing nutritional support invariably show some degree of`insulin resistance'. Due in part to inhibition of insulin release and in part to ongoing glucose output by the liver, smaller quantities of exogenous glucose are required to maintain a given level of blood glucose. The evidence indicates that the insulin resistance represents largely an impairment of glucose storage rather than oxidation. The maximum rate of oxidation of exogenous glucose in severe burn injury has been shown to be 5 mgakgamin, although with exogenous insulin to maintain a normal blood glucose, up to 95% of measured energy expenditure can be given as glucose. The amount given may be limited by respiratory function if the increased carbon dioxide produced cannot be eliminated.
Protein (amino acids)
Because of the ongoing hepatic gluconeogenesis and increased peripheral oxidation of essential amino acids there is a net breakdown of protein, re¯ected ultimately in muscle wasting. Provision of protein or amino acids decreases net protein breakdown but does not abolish it. Exogenous protein also stimulates protein turnover and given at rates much in excess of 1.5 gmakgaday, it raises net protein catabolism with an inevitable rise in metabolic rate, body temperature and urea production. In a system already stressed by severe illness these effects may be undesirable.
Lipid
Fatty acids are normally oxidised in proportion to their availability and fatty acid oxidation, in normal circumstances, is secondary to the availability of glucose and thus insulin. During stress free fatty acids are released at a rate in excess of their rate of oxidation secondary to a rise in sympathetic activity. In part they are re-esteri®ed in the triglyceride-free fatty acid cycle, either in the liver or in adipose tissue directly. In burn injuries, for example, the rate of free fatty acid-triglyceride cycling is elevated ®ve fold. Fatty acid oxidation normally makes up the difference between glucose oxidation and the need for energy and is suppressed by hyperinsulininaemiaahyperglycaemia. Provision of exogenous lipid to the septic or severely traumatized patient maintains peripheral fat stores. Exogenous lipid is not used directly as an energy substrate to any signi®cant extent and given in excess of requirements, even to severely catabolic patients, still leads to an increase in body fat. Essential fatty acids remain a requirement.
Research issues
Provision of nutrient support alone will not increase lean tissue mass in patients severely stressed by sepsis or trauma, although it should attenuate the rate of wasting. If it is deemed that lean tissue should be maintained in these individuals it is probable that pharmacological methods will have to be developed. Potential agents under current investigation include growth hormone, insulin-like growth factor 1, glutamine, insulin and branched chain amino acids. These, although they all have their problems, have been given successfully to less severely ill patients.
Pregnancy
There are additional nutritional requirements during pregnancy due to the growth of the placenta, breasts, and blood volume as well as the fetus. Although the newly formed tissues represent 5 ± 6 kg at birth it should be noted that the human fetus develops slowly compared to other species, and therefore represents a smaller relative nutritional burden to the mother than for most other species.
There is little available scienti®c evidence to give speci®c recommendations. That is, we do not know the pool sizes or¯uxes of the essential fatty acids in either the pregnant woman or the developing fetus. There are several studies on the additional energy expenditure among pregnant women, showing a wide range in the energy requirements of pregnancy ranging from an energy savings of 50 MJ to an energy cost of over 500 MJ. While there is a trend for women in developing countries to show energy sparing and women from developed countries to show increased energy requirements, there are wide (10 ± 20-fold) ranges in relatively homogenous populations during pregnancy and lactation. Recent data suggest that a woman's pregravid metabolic status may be a signi®cant variable relating to the individual's metabolic adaptations to the hormonal changes during gestation. The mechanisms for these changes, however, remain as yet unde®ned.
Optimal weight gains during pregnancies have yet to be determined in different populations. Based on epidemiological data, weight gain should be inversely proportional to pregravid BMI. However, weight loss, even in obese women, should be avoided during pregnancy.
Dietary lipid
No data are available on the effect of different percents of dietary energy derived from fat on the outcome of pregnancy, and there are very few studies on the effect of different types of fatty acids on fetal growth and development.
Based on the available data for total fat intake it seems reasonable to recommend a fat intake representing 15 ± 30% of total energy. This range offers the opportunity for pregnant women in developed as well as in developing countries to acquire suf®cient lipid for fetal development concomitant with a healthy maternal diet related to chronic diseases like diabetes, cardiovascular disease and cancer.
Fewer than one third of the dietary fatty acids should be saturated. Furthermore, although data on the effects of trans fatty acids on fetal development are scarce, (there is some evidence for a lower growth rate), the possibility of deleterious effects suggests that intake shoud be limited (`2%).
Again current data on the required intake of essential fatty acids are scanty. Present knowledge suggests an optimal intake of 1 ± 2% (2.4 ± 4.8 gad) and 3 ± 7.5% (7.2 ± 18 gad) of total energy should be derived from n-3 and n-6 fatty acids, respectively. These quantites provide reasonable amounts of substrate for the fetus as well as the pregnant mother, concomitantly with optimal effects on the cardiovascular and immune system. The minimal intake for n-3 fatty acids is probably in the order of 0.2 ± 0.3% (400 ± 600 mgad) and for n-6 fatty acids 1 ± 3% (2.4 ± 7.2gad).
Very long chain n-3 fatty acids
There is a particular question as to whether dietary sources of very long-chain n-3 fatty acids should be recommended. Some epidemiological and experimental studies provide relatively strong evidence for bene®cial effects of additional intake of these fatty acids (EPA and DHA), available in ®sh oils. There is little evidence that bene®cial effects can be obtained at the low levels provided by a few ®sh meals weekly; many of the measurable effects on risk factors are observed at much higher intakes of 1 ± 2 gad. This amount is much less than the Greenland Inuits ingest in their traditional diet, and can be achieved by eating fatty ®sh 2 ± 4 times a week or from a daily dose of cod liver or ®sh oil. However, more research is necessary before any ®rm recommendations can be made.
Carbohydrates
Dietary intake of carbohydrates during pregnancy should be in the range of 55 ± 70% of total energy intake.
Research recommendations
These potential guidelines are based on very few data. The necessary basis for more precise recommendations would be speci®c studies of maternal and fetal status and outcome variables related to dietary exposure. Whereas birth weight is an important outcome variable, of potentially even greater signi®cance is the functional status of the newborn, in particular cognitive and immune functions.
Long-term follow up studies of both undergrown and overgrown infants might clarify the interactions between environmental and genetic factors during pregnancy that are of importance for life-long health. In such studies precise data on diet, alcohol, drugs, smoking, physical activity, cardiovascular and pulmonary function in relation to maternal and infant health parameters will be necessary. In addition to standard methods we need to apply new technology perhaps utilizing biomarkers for improved quality of data for exposure to nutrients, drugs and smoking. An important subject of future research is to determine pool sizes and¯uxes of the essential and long chain fatty acids in pregnant women and their newborn infants. This could be done by stable isotopes. It is also urgent to understand the regulation of lipid¯uxes to the fetus and to de®ne factors involved in the regulation of maternal adaptations to pregnancy. For example, the possible roles of insulin resistance and placental leptin in regulation and fetal growth and body composition should be investigated.
Lactation
Milk production is a robust process, regulated by infant demand. With the exceptions of selenium, some vitamins and fatty acids, the composition and volume of breast milk are little affected by maternal dietary intake. They also appear to be consistent from one population of humans to another in both developed and developing countries. If caloric intake is insuf®cient, substrate for milk production will be taken from maternal body stores. Using a mean milk volume of 800 mlad, a milk energy density of 2.8 kJag and a dietary energy conversion ef®ciency of 80%, the full cost of milk production to the mother is 2870 kJad. The dietary distribution of this requirement among protein, lipid and carbohydrate is of some importance.
Protein and other nitrogenous compounds
Nitrogenous substances comprise less than 10% of the total energy in milk. The protein content is about 12 gaL; nitrogen from other sources including urea, nucleotides and other compounds is less than 8 gaL giving a total nitrogen output equivalent to 20 gad. Providing a margin for enzyme turnover and increased lipoprotein synthesis, a generous dietary recommendation of 25 gad above the maintenance requirement is appropriate. A minimum of a 12 g increment should prevent utilization of body stores for milk protein synthesis.
Lipid
A total of 32 g of lipid is secreted daily in breast milk by the average, exclusively breast-feeding woman. Of this about 4 g must be derived from carbohydrate for the synthesis of medium and intermediate chain fatty acids. The remainder can be derived from dietary lipid, from fat stores or, in part, by lipogenesis from dietary carbohydrates. If weight loss is not desirable 30 g of fat per day should be supplied in the diet above the maintenance level. It is possible to substitute increased dietary carbohydrate for up to 15 g of this fat.
Unless lipid intake is very low, milk lipid composition re¯ects the composition of the dietary lipid. The major consideration is to provide suf®cient essential fatty acids to meet infant needs. If the adult recommendation of 3% of total energy being supplied by essential fatty acids and 0.5% by n-3 fatty acids is followed, the proportion in breast milk should be satisfactory.
Breast milk contains substantial quantities of long chain polyunsaturated fatty acids, derived from the diet or from synthesis in the maternal liver andaor mammary gland from essential fatty acids. Whether there is an advantage to dietary supplementation with long chain polyunsaturated fatty acids is unknown at this time and is an issue for further research.
Carbohydrate
If carbohydrate is not suplied in the diet, glucose will be made by gluconeogenesis from amino acids and utilized for synthesis of the large amount (56 g) of carbohydrate secreted daily in the milk. To prevent the attendant loss of protein 60 g of carbohydrate should be suplied in the diet over and above the normal carbohydrate intake.
Summary
The recommended caloric intake should be increased by 2870 kJ (670 Kcal)ad in the exclusively breast-feeding woman. Of this increase, 10% should be ingested as protein, up to 50% as lipid and no less than 40% as carbohydrate. If weight loss is desired lipid intake can be reduced but carbohydrate intake should be maintained. Of the total energy increment 3% should be supplied by essential fatty acids (linoleic and a-linolenic acids) and 0.5% by n-3 fatty acids. The issue of dietary supplementation with long-chain polyunsaturated fatty acids remains for future research.
